Introduction Despite the fact that black women have a lower incidence of breast cancer compared to white women, black women experience higher death rates than any other group. We examined the stage of breast cancer presentation by race and geographic region using population-based breast cancer incidence in all 115 counties in the state of Missouri. Methods We used 2003-2008 breast cancer incidence data from Missouri Cancer Registry and Research Center. County of residence was categorized as urban or rural using the ruralurban continuum code. We computed the conditional proportion of stage at diagnosis by race and metropolitan status and also used Pearson's chi-squared test with Yates' continuity correction to determine statistical significance of association. Results Results of the study indicate that a greater proportion of black women (38.8 %) compared to white women (30.2 %) were diagnosed with more advanced breast metastasis. Our results further suggest that stage at diagnosis depended on county of residence or metropolitan status (p = .04). Women living in non-metropolitan counties were slightly more likely to have late-stage breast cancer than their metropolitan counterparts (32.0 vs 30.7 %). Overall, black women had 1.5-fold increased odds of late-stage breast cancer diagnosis compared to their white counterparts (OR = 1.50; 95 % CI, 1.39, 1.63; p < 0.0001). While the odds of late diagnosis among women living in non-metropolitan or rural counties was over 11 % higher compared with their metropolitan or urban counterpart. Conclusion The current study corroborates previous findings that the risk of late-stage breast cancer diagnosis was higher among women residing in non-metropolitan rural counties.
Introduction
Breast cancer has remained the leading cause of death in women across racial and ethnic divide in the USA [1] . It accounted for over 232,340 new cases and more than 40,000 deaths in the USA in 2013 [1] . Although black (AfricanAmerican) women have a lower incidence of breast cancer compared to white women, black women experience higher death rates than any other group [2] . For instance, between 2006 and 2010, the age-adjusted breast cancer incidence rate for non-Hispanic white (white, Caucasian) women was 127.4 (per 100,000 women per year) compared to 121.4 for nonHispanic black (black, African-American) women in the USA [3] . This resulted in a black/white rate ratio (RR) of 0.95. In the same period, the mortality rates were 22.1 (age-adjusted, per 100,000 women per year) for white women and 30.8 for black women (RR = 1.39) [3] . Similarly, the 2014 racial disparity in breast cancer mortality study by Sinai Urban Health Institute and the Avon Foundation for women confirmed an increasing breast cancer disparity gap between black and white from 1990 to 2009 [4] . The study further indicated that, on average, over 1710 black women die yearly as a result of racial disparities in breast cancer screening and treatment [4] .
Other previous studies have also extensively demonstrated that breast cancer disparities in screening, mortality, and survival vary greatly by race, socioeconomic statues, and geographical place of residence, especially distance travel to health-care services in rural areas . To assess the impact of geographical factors on racial disparity in breast cancer stage at diagnosis, Keller et al. [7] analyzed breast cancer data from the American College of Surgeons [N = 1,388,186] from 2000 to 2007 using four broad census regions: Northeast, South, Midwest, and West. Results showed a statistically significant variation in stage at presentation between whites and non-whites (black) in the USA. In terms of stage as a function of race, 16.2 % black patients were diagnosed with late-stage breast cancer compared with whites (11.2 %). Additionally, a large geographic variation was also observed in relation to the number of patients diagnosed in stage with regard to race and geographic region. In all four regions across the USA, a significantly higher percentage of non-white (16.2 %) reported with late-stage (stages III and IV) disease compared with whites (11.2 %). These differences were all statistically significant (p < 0.0001). In terms of geographical differences, the South had the highest percentage of late-stage non-white breast cancer diagnosis when compared with whites (17.3 vs 11.2 %) followed by Midwest (16.0 vs 11.7 %) [7] .
The US Census Bureau and other federal agencies use different definitions of rural. Each definition emphasizes different criteria such as population size and density, commuting patterns, poverty or unemployment rates, or extent of wild areas and farmland. In the state of Missouri, there are 114 counties and an independent city of St. Louis (115 total). According to the Metropolitan and Statistical Area (MSA) definition, which is usually referenced by the Missouri Department of Health and Senior Services, 101 counties are considered rural [53] . While disparities in rural-urban differences in cancer stage at diagnosis have been examined in states like Illinois, Georgia, and North Carolina [9, 12, 18, 29, 33, 39, 40, 42] , findings have been mixed. In 1991, Liff et al. [9] [N = 35, 610] reported that the relative excess of nonlocalized malignancies in rural Georgia was almost twice for blacks (37 %) than for whites (21 %) . This finding suggested that for black and other minority populations, the rural-urban disparities were markedly different. However, a recent followup study by Markossian et al. [18] [N = 23,500] did not find a significant association between geographic location and latestage breast cancer diagnosis. Missouri has 14 urban counties, and up until now, no previous studies have explored the geographical influence on racial disparity of breast cancer stage at presentation. This study was conducted to examine the stage of breast cancer presentation by race and geographic region using population-based breast cancer incidence in all 115 counties in Missouri.
Methods

Breast Cancer Incidence Data and Study Population
Breast cancer incidence data for [2003] [2004] [2005] [2006] [2007] [2008] (N = 29,410) were obtained from the Missouri Cancer Registry and Research Center (MRC-ARC). The registry is tasked to collect demographic, tumor, and treatment information on all newly diagnosed cancers among Missouri residents annually. The study data were limited to women aged 18 years or older who were Missouri residents and diagnosed with breast cancer.
Individual-level data obtained from MCR-ARC included stage at diagnosis, race, and county of residence. Stage data were reported as: stage 0, stage I, stage II, stage III, stage IV, and unknown. To simplify the analysis, stage was dichotomized into early stage (stages 0, I, and II) and late stage consisted of (stages III and IV). Patients with unknown stage were excluded from the analysis. The race data on study participants was classified into white and black. County of residence was categorized as metropolitan (urban or metro) or non-metropolitan (rural or non-metro) using the rural-urban continuum code (RUCC) classifications status [54] . Within this classification system, urban counties have RUCC codes ≤3, and rural counties have RUCA codes ≥6 [54] . This study was considered exempt by the University of Missouri Institutional Review Board.
Statistical Analysis
We applied a two-way contingency table to classify and count subjects by stage at diagnosis and each of the two explanatory variables (race and metropolitan status). We computed the conditional proportion (percentage) of stage at diagnosis by race and metropolitan status. The logit model was used to estimate the relationship between stage at diagnosis and the two explanatory variables (race and metropolitan status). The logit model was appropriate because our response outcome Bstage at diagnosis^can take one of two possible values representing Bearly^or Blate^stage at diagnosis. To determine statistical significance of association, we used Pearson's chisquared test with Yates' continuity correction, odds ratio estimated from the logit model, and the corresponding (1 − α)% confidence interval. RStudio version 0.98.501-© 2009-2013 (RStudio, Inc.) statistical package was used for data analysis.
Results
During 2003-2008, the Missouri cancer registry recorded 29, 410 cases of women diagnosed with breast cancer. Of these, 19,690 (67 %) were early, 8846 (30 %) were late, and 874 (3 %) were unknown stage. After excluding unknown cases due to missing data, analysis was performed on 28,536 cases.
The proportion of women diagnosed with late stage of breast cancer was significantly higher among black women. Table 1 shows the distribution of late stage at diagnosis by race. It is clear from the table that a greater proportion of black women (38.8 %) than white women (30.2 %) was diagnosed with more advanced breast metastasis. Our results also indicated that stage at diagnosis was also depended on county of residence or metropolitan status. Women living in nonmetropolitan counties were slightly more likely to have latestage breast cancer than their metropolitan counterparts (32.0 vs 30.7 %).
Odds of Late-Stage Diagnosis
The effect of the explanatory variables on the response variable is commonly measured by using the odds ratio of the predictor variable, which represents the factor by which the odds of an outcome change for one unit change in the predictor variable. Table 2 displays the estimated odds ratios and corresponding 95 % confidence intervals of the estimated odds ratio from the logit model. For race, the effect of 0.408 on the logit scale translates into an estimated odds ratio of 1.504. Thus, the odds of late diagnosis among black women were 1.504 or over 50 % higher than those of white women. Since the estimated odds ratio and the 95 % confidence intervals (CI) are greater than one, the relationship between race and stage at diagnosis was not only statistically significant at the 0.05 level, but also positively associated.
Similarly, for metropolitan status, the effect of 0.106 on the logit scale translates into an estimated odds ratio of 1.112. Also, the odds of late diagnosis among women living in non-metropolitan areas were 1.112 or slightly over 11 % higher than women living in the metropolitan areas. In a likewise manner, the estimated odds ratio and the 95 % confidence intervals were higher than one signaling that the relationship between metropolitan status and stage at diagnosis was highly statistically significant at the 0.05 level and positively associated.
Discussion
The stage at cancer diagnosis has a tremendous impact on type of treatment, recovery, and survivor. In most cases, the earlier the cancer is detected and treated, the higher the survival rate for the patient. Studies for several cancer sites have shown that individuals living in poor areas are more likely not to utilize cancer screening services and present at a late stage compared with individuals living in affluent areas [19, 38, [41] [42] [43] [44] . Other studies have also found that place of residence and neighborhood socioeconomic characteristics are associated with cancer outcomes and quality of life [13, between place of residence, race, and stage14, 16, 20, 27, 29, 41, 42] . Although some of these study results have been inconclusive, the novelty of this research was to analyze the patterns of breast cancer stage at diagnosis in Missouri with regard to geographic region and race since over 85 % of the counties are considered rural and the proportion of African-American population is less than 12 %.
Differences in Diagnosis by Race
The racial and ethnic composition of Missouri population is 81.0 % Caucasian/White/non-Hispanic, 11.6 % AfricanAmerican/non-Hispanic, 3.5 % Hispanic/Latino, 1.6 % Asian/non-Hispanic, 0.5 % American Indian/Alaskan Native, 0.1% Native Hawaiian and other Pacific Islander, and 2.1 % two or more races. Thirty-seven percent of Missouri's population is rural, equating to approximately 2.22 million people in rural areas. However, AfricanAmericans primarily live in urban areas. Based on the US Census Bureau's 2010 report, only 3.0 % of the rural population is African-American [53] . Despite the small proportion of African-Americans in the state, data from our analysis study revealed that black women in Missouri had a significantly increased odd of being diagnosed with late-stage breast cancer ( Table 2) .
The American Cancer Society reported that from 2006 to 2010, incidence and death rates for breast cancer were lower among women of other racial and ethnic groups than non-Hispanic white and African-American women [1] . Generally, African-American women in the USA are less likely to be diagnosed with smaller tumors (less than 2.0 cm) and more likely to be diagnosed with larger tumors (greater than 5.0 cm) than white women [1] . A study by Izano et al. [52] [N = 999] analyzed the Metropolitan Detroit Cancer Surveillance System data to investigate the impact of Charlson Comorbidity Score (CSS) following breast cancer diagnosis on the risk of mortality from breast cancer Tables 1 and 2 ) despite that less than 4.0 % of Missouri's population is African-American.
Differences in Diagnosis by Place of Resident
Research has demonstrated a strong relationship between socioeconomic status (SES) and an increased risk of being affected by health disparities [45, 46] . It has been noted that the leading causes of death and disability have a disproportionate impact on African-Americans, Alaska Natives, American Indians, Asian Americans, Hispanic Americans, and Pacific Islanders [46, 47] . Whether assessed by income, level of education, or occupation, SES clearly predicts the health status of an individual. Individuals of lower SES are more likely to live in poorer communities, which experience a higher degree of residential crowding, violence, and environmental pollution. Poorer housing quality further increases the risk of health conditions for individuals of lower SES. In addition, social environments have a significant impact on SES-related health outcomes in regard to risk and prevalence of chronic and infectious diseases. As mentioned earlier, SES determines the ability to purchase health coverage, which has a direct effect on access to health care. Research has demonstrated that uninsured individuals are less likely to receive preventive and primary health-care services than insured individuals [45, 47] . The most significant indirect pathway that influences SES is the impact of behavior and lifestyle. Lower SES is also associated with a sedentary lifestyle as well as poorer nutrition, both of which have an effect on the health status of an individual.
Economic and social factors such as poverty have been directly linked with low usage of mammography screenings [5, 21, 41, 48, 49] . Regardless of race or ethnicity, Campbell et al. [48] noted that poverty has a strong effect on the probability of being diagnosed at the later stages of cancer. As poverty increases by 10 percentage points, the odds of being diagnosed at a regional or distant stage increase by a factor of approximately 1.07, an effect that does not differ by race or ethnicity. Analyzing the geographic differences in late-stage breast cancer in Illinois and the role of socioeconomic and spatial factors, Wang et al. [41] found that people living in areas of high socioeconomic disadvantage were more likely to be diagnosed with late-stage breast cancer. The risk of late diagnosis was also higher for women living in areas with poor geographical access to primary care physicians, indicating a combination of spatial and socioeconomic barriers. MacKinnon et al. [50] found that minorities and Further, an ecologic study of female breast cancer incidence in North Carolina by Hall et al. [12] reported that in situ breast cancer rates were highest in urban counties when comparing urban with rural counties. Invasive breast cancer rates were also shown to be higher in the most urban counties for whites (IRR = 1.18 comparing most urban with most rural) but not non-whites (IRR = 0.99 for the same comparison). A Danish study by Dalton et al. [13] found that women living in rural areas of Denmark had a 10 % higher odds (OR) of highrisk breast cancer (95 % CI, 1.02, 1.18) while those living in the capital suburban areas had a 15 % lower OR (95 % CI: 078, 0.93) than those living in provincial cities.
A study on the spatial distribution of Chicago's low or nocost mammography screening facilities showed overall shorter travel time for low-income residents. However, longer travel time and distances were shown for low-income black neighborhoods than for other low-income neighborhoods [51] . Using the Michigan Cancer Surveillance Program data set from 1998 to 2002 to assess black residential segregation and spatial access to health care on late-stage breast cancer diagnosis in metropolitan Detroit, Dai [49] concluded that segregation, lack of access to mammography screening facility, and low SES increase the risk of advanced diagnosis for black women. McLafferty and Wang [38] reported a J-shaped curve for late-stage breast cancer risk was described for women in Illinois with the most highly urbanized area (Chicago) and most isolated rural areas having the highest risk. All these studies have illustrated the significant role spatial factors have and continued to play in the diagnosis and treatment of cancer and other diseases over the years. In the current study, we did not examine the role of segregation on breast cancer stage at diagnosis. However, consistent with earlier studies, the current study shows a significant association between geographic residency (metropolitan vs non-metropolitan Tables 1 and 2 ) status and late-stage breast cancer diagnosis.
In contrast, Celaya et al. [15] , Henry et al. [16] , Klein et al. [17] , Markossian et al. [18] , Henry et al. [19] , Warner et al. [20] , Huang et al. [21] , and Amey et al. [22] found that geographic place of residence measures was weakly associated with differences in the risk of late-stage breast cancer. For instance, using Florida's cancer data system and area resource file, Amey et al. [22] reported that rural counties that are adjacent to a metropolitan county have the highest percentage (64.5 %) of women whose breast cancer was detected at an early stage compared to their urban counterparts. Klein and colleagues [17] [N = 4222] analyzed differences in male breast cancer stage, tumor size, and stage at diagnosis using metropolitan and nonmetropolitan classification using the Surveillance, Epidemiology, and End Results Program of the National Cancer Institute from 1988 to 2006 and found no statistical differences in proportions of stage or tumor size at diagnosis between the two regions. Nonetheless, the authors stated that the presence of an interaction between non-metropolitan county and regional stage male breast cancer was a significant predictor of poorer survival and quality of life [17] . In spite of these findings, the strength of our study is that it corroborates previous findings that the risk of late-stage breast cancer presentations was highest among women residing in nonmetropolitan rural counties in the USA. In addition, AfricanAmerican women had a greater percentage of patients presenting with more advanced stage breast cancer, suggesting a link between place of residence, race, and stage at diagnosis.
Conclusion
Differences in access to health-care services and the resulting adverse health outcomes are major public health priorities. While breast cancer remains the most common cancer in women, the burden of cancer does not fall equally across all groups and racial and/or ethnic disparities in diagnosis, survivorship, and mortality particularly among African-Americans and rural dwellers.
The findings from this study have provided useful information on provision of health-care access and accessibility regarding what health services is needed and where and to whom coverage is lacking. These results can serve as a guide to policymakers and provide the basis for developing strategies aimed at improving access to breast cancer screening and treatment services for low-income, uninsured, and underserved women in Missouri.
In sum, cancer costs billions of dollars in years of productive life lost. Above and beyond the financial costs, there are huge emotional costs related to losing loved ones prematurely. Reducing the burden of health disparities for minority populations and disadvantaged groups is essential to achieving quality health care for all.
